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Introduction
• Earlier database clustering (shared data) solutions had issues

• Excessive performance cost

• Increased latency due to message passing

• Seriously degraded throughput

• Very poor scale out

• Contributory factors
• Global locking protocol using message passing even when lock granted without contention

• Block refresh from shared DASD where heavy write-write interest

• No “pay-as-you-go (PAYG)” protocols

• Examples
• IMS DB Data Sharing Mk. 1

• Oracle RAC Cluster
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Db2 Data Sharing Architecture Overview

4



Triton Consulting

Db2 LOCK1 Structure
• What is it used for? 

• Fast inter-system global lock conflict detection

• Optimization for fast grant of global lock where no contention

• Fast inter-system page latch conflict for pages were sub-page 
concurrency is allowed

• Row level locking

• Space map pages

• Index leaf pages

• Dynamic tracking of inter-system read/write interest
for Db2 objects

• Retained locks in the case of Db2 member failure
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Locking Components
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Lock Processing …
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Lock Processing …
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Lock Processing …
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Db2 LOCK1 Structure …
• LOCK1 structure size is defined in the CFRM policy 
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Db2 LOCK1 Structure …
• Shortage of RLEs

• At 80% full, data sharing continues with no restrictions, but storage is approaching a critical threshold

• At 90% full, only ‘must complete’ type of requests that require lock structure storage are processed

• At 100% full, any request that requires lock structure storage is denied with an ‘out of lock structure storage’ error
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Global Lock Contention

12



Triton Consulting

Resizing Db2 LOCK1 Structure …
• Increase size the LOCK1 structure if high rate of false contention and/or shortage of RLEs
• If shortage of RLEs but false contention rate is OK, consider using IRLM option LTE= to control the 

size of the Lock Hash Table
• Specify a value for the LTE= parameter in the IRLMPROC or issue F irlmproc SET,LTE= command

• Requires a REBUILD of the LOCK1 structure
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Global Lock Contention
• Use a light-weight locking protocol (isolation level) and exploit lock avoidance

• Benefits of lock avoidance

• Increased concurrency by reducing lock contention

• Decreased lock and unlock activity and avoid associated CPU overhead

• Decrease number of CF requests

• Minimize the impact of retained locks

• Use ISOLATION(CS) with CURRENTDATA(NO) or use ISOLATION(UR)

• Commit frequently
• Reduce lock contention

• Improve effectiveness of global lock avoidance

• Avoid serialisation points e.g., single row table used as a ‘counter’
• Use an IDENTITY column or pull value from SEQUENCE column, with CACHE option

• Exploit table and index partitioning
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Global Lock Contention …
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Global Lock Contention …
• Breakdown of page P-lock type in Db2 Statistics
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Global Lock Contention …
• Db2 Accounting for more granular information
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Global Lock Contention …
• Use Lock suspension report to identify ‘hot spots’

• For detailed analysis, start the following Db2 Performance trace for short periods of time during peak processing

• -START TRACE(P) CLASS(30) IFCID (44,45,105,107,213,214,215,216,226,227) 

• Sample Db2 OMPE report to generate a CSV file that can be easily loaded into a spreadsheet
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Db2 Group Buffer Pool Structures
• What are they used for?

• Register buffers for cross invalidation (XI)

• ‘List’ option provided for prefetch

• Write changed pages and send XI signals

• Hardware instruction to test vector bits for 
buffer XI

• Fast refresh of XI’ed buffers

• Store-in cache by default

• Force-at-commit database write protocol for 
writes to CF
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Cross Invalidations
• Two reasons for cross invalidations

1. Perfectly normal condition in an active data sharing environment with inter-system read/write interest

2. Directory entries reclaims which you want to tune away from

• CPU and I/O overhead if there is not enough directory entries

• Extra CF access and Sync I/O Read

• Db2 –DISPLAY GROUPBUFFERPOOL(*) TYPE(GCONN) GDETAIL(INTERVAL)
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GBP Reads

• Local Buffer Pool search -> GBP search -> DASD I/O
• SYN.READ(NF) = Local Buffer Pool miss
• SYN.READ(XI) = Local Buffer Pool hit but cross invalidated buffer 

• Data should be found in GBP

• If not, GBP may be too small, or pages have been removed because of directory entry reclaims
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GBP Writes
• Changed Pages Sync Written to GBP / force write

• Commit

• P-lock negotiation

• Changed Pages |Async Written to GBP
• Deferred Write

• System checkpoint

• Pages in Write-Around
• Applies only to Pages Async Written to GBP

• DB2 conditionally enables and disables GBP write-around protocol

• Turn on at GBP level threshold 50%, GBP Class Threshold 20%

• Turned off at GBP level threshold 40%, GBP class threshold 10%

• Pages are written directly to DASD instead of to the GBP

• Cross invalidation  signals sent to local BPs after DASD write I/O is complete
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GBP Castout
• GBP castout thresholds are similar to local BP deferred write thresholds

• Encourage Class castout (CLASST) threshold by lowering its threshold

• More efficient than GBP castout threshold  (notify to pageset/partition  castout owner)

• CLASST threshold checked on by each GBP write

• GBPOOLT threshold check by GBP castout structure owner based on timer (1 sec default)

• Default threshold lowered in V8

• With Db2 11,  CLASST can go below 1%
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GBP Castout …
• As transaction and data volumes grow, the GBP can become stressed 

• Pages written to GBP faster than castout engines can process

• GBP congested with changed pages

• Can cause GBP full condition

• Problems are often precipitated by update-intensive batch jobs and/or utilities run against GBP 

dependent objects

• Intense, sustained GBP page write activity can lead to shortage of GBP memory

• Automatic GBP ALTER via XES Autoalter can respond and increase allocated GBP size up to SIZE

• Provided there is sufficient head room
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GBP Castout …
• GBP memory shortages may impact application performance and ultimately become an 

availability issue
• When GBP memory fills up, Db2 starts pacing for the GBP writes at Commit which results in slower response times

• After repetitive write failures, page will be put on the LPL

• If the write failures are against an index, the entire index might be put on  the LPL

• Recovery actions are then necessary
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GBP Tuning
• Db2 –DIS GBPOOL(*) TYPE(GCONN) GDETAIL(INTERVAL)
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GBP Tuning …
• GBP size is defined in the CFRM policy

• Additionally, you can specify a RATIO using the ALTER GBPOOL command to indicate ratio of 
Directory Entries (ENTRIES) to Data Page (Elements)
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GBP Tuning …
• Example based on Db2 –DIS GBPOOL command output
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GBP Tuning …
• Targeted tuning #1: GBP with large number of directory reclaims (but no or minimal writes 

failures) -> GBP2
• Tuning

• Keep number of data pages the same to avoid aggravating write failures

• Increase SIZE and RATIO to cover the maximum number of directory entries that could ever be required (1 for each local buffer
and 1 for each GBP page)

• Note: RATIO can be a decimal value with 1 digit after the decimal point (e.g. 5.2)

• Changes required

• NEW DIR ENTRIES = SUM VPSIZE across all Db2 members + GBP DATA PAGES

• NEW RATIO = NEW DIR ENTRIES / GBP DATA PAGES

• NEW INITSIZE = (GBP DATA PAGES * PAGE SIZE (KB) + NEW DIR ENTRIES * 410 bytes / 1024) / 1024

• NEW SIZE = 1.3 to 2x NEW INITSIZE 
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GBP Tuning …

• Targeted tuning #2: GBP with large number of write failures (with or without large number of 

directory reclaims and XI due to directory reclaims) -> GBP8K0
• Tuning

• Reduce CLASST and GBPOOLT to trigger more frequent castout

• Increase the number of data pages to reduce critical space shortages and write failures

• Adjust size and ratio to still cover the max number of directory entries that could ever be required (1 for each local buffer + 1 for each GBP 

data page)

• Note: RATIO can be a decimal value with 1 digit after the decimal point (e.g. 5.2)

• Changes required
• NEW GBP DATA PAGES = 1.3 to 2x GBP DATA PAGES

• NEW DIR ENTRIES = SUM VPSIZE across all Db2 members + NEW GBP DATA PAGES

• NEW RATIO = NEW DIR ENTRIES / NEW GBP DATA PAGES

• NEW INITSIZE = (NEW GBP DATA PAGES * PAGE SIZE (KB) + NEW DIR ENTRIES * 410 bytes / 1024) / 1024

• NEW SIZE = 1.3 to 2x NEW INITSIZE 
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GBP Tuning …

• Simplified tuning when using XES AUTO ALTER

• Very useful autonomic functionality to simplify GBP tuning

• Tries to avoid Structure Full conditions

• Tries to avoid Directory Reclaim conditions

• Recommendation

• Set CFRM policy properties

• ALLOWAUTOALT(YES)

• FULLTHRESHOLD = 80-90%

• SIZE = 1.3-2x INITSIZE

• MINSIZE = INITSIZE

• Periodically review GBP actual allocations

• If SIZE is reached, it limits the effectiveness of XES AUTO ALTER

• Plan to update the CFRM policy and schedule a REBUILD to increase the structure 
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GBP Tuning …

• Simplified tuning when using XES AUTO ALTER ...

• Changes when allocated size reaches SIZE - but no or minimal write failures
• NEW DIR ENTRIES = SUM VPSIZE across all Db2 members + GBP DATA PAGES

• NEW RATIO = NEW DIR ENTRIES / GBP DATA PAGES

• NEW INITSIZE = (GBP DATA PAGES * PAGE SIZE (KB) + NEW DIR ENTRIES * 410 bytes / 1024) / 1024

• NEW SIZE = 1.3 to 2x NEW INITSIZE

• Changes when allocated size reaches SIZE with large number of write failures 
• NEW GBP DATA PAGES = 1.3 to 2x GBP DATA PAGES 

• NEW DIR ENTRIES = SUM VPSIZE across all Db2 members + NEW GBP DATA PAGES

• NEW RATIO = NEW DIR ENTRIES / NEW GBP DATA PAGES

• NEW INITSIZE = (NEW GBP DATA PAGES * PAGE SIZE (KB) + NEW DIR ENTRIES * 410 bytes / 1024) / 1024

• NEW SIZE = 1.3 to 2x NEW INITSIZE 

32



Triton Consulting

GBP Tuning …

• Increase of local buffer pool size on a ‘healthy GBP’ 

• Tuning
• Keep number of data pages the same to avoid aggravating write failures

• Increase size and ratio to cover the max number of directory entries that could ever be required (1 for each local buffer + 1 for each GBP data page)

• Changes required:
• NEW DIR ENTRIES = SUM New VPSIZE across all Db2 members + GBP DATA PAGES

• NEW RATIO = NEW DIR ENTRIES / GBP DATA PAGES

• NEW INITSIZE = (GBP DATA PAGES * PAGE SIZE (KB) + NEW DIR ENTRIES * 410 bytes / 1024) / 1024

• NEW SIZE = 1.3 to 2x NEW INITSIZE 
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Questions?
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